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MNIMAL PROMOTERS AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is related to U.S. provisional 
application Ser. No. 60/104,871, filed 19 Oct. 1998, from 
which priority is claimed pursuant to 35 U.S.C. S 119(e)(1) 
and which application is incorporated herein by reference in 
its entirety. 

TECHNICAL FIELD 

0002 The invention relates to the general fields of 
molecular biology and immunology, and generally relates to 
reagents useful in nucleic acid immunization techniques. 
More specifically, the invention relates to truncated forms of 
transcriptional promoter elements, nucleic acid molecules 
containing Such promoter elements, and to the use of 
reagents containing Such nucleic acid molecules for nucleic 
acid immunization and gene therapy. 

BACKGROUND 

0003) Techniques for the injection of DNA and mRNA 
into mammalian tissue for the purposes of immunization 
against an expression product have been described in the art. 
See, e.g., European Patent Specification EP 0500 799 and 
U.S. Pat. No. 5,589,466. The techniques, termed “nucleic 
acid immunization' herein, have been shown to elicit both 
humoral and cell-mediated immune responses. For example, 
sera from mice immunized with a DNA construct encoding 
the envelope glycoprotein, gp160, were shown to react with 
recombinant gp160 in immunoassays, and lymphocytes 
from the injected mice were shown to proliferate in response 
to recombinant gp120. Wang et al. (1993) Proc. Natl. Acad. 
Sci. USA 90:4156-4160. Similarly, mice immunized with a 
human growth hormone (hGH) gene demonstrated an anti 
body-based immune response. Tang et al. (1992) Nature 
356:152-154. Intramuscular injection of DNA encoding 
influenza nucleoprotein driven by a mammalian promoter 
has been shown to elicit a CD8+ CTL response that can 
protect mice against Subsequent lethal challenge with virus. 
Ulmer et al. (1993) Science 259:1745-1749. Immunohis 
tochemical studies of the injection site revealed that the 
DNA was taken up by myeloblasts, and cytoplasmic pro 
duction of viral protein could be demonstrated for at least 6 
months. 

0004. It has been a major aim of artisans practising in the 
fields of gene therapy and nucleic acid immunization to 
identify and design expression systems that provide as high 
a level of production as possible for a gene or sequence of 
interest that has been delivered into a host cell. High level 
production is seen as being a necessary prerequisite for any 
expression system used in gene therapy (to provide for 
Sufficient levels of a therapeutic gene product) or nucleic 
acid immunization (to provide for a sufficient immune 
response against an encoded antigen product). Several fac 
tors are known to affect the level of production attainable 
from Such transfected host cells, including transfection effi 
ciency (e.g., the copy number in the cell) and the efficiency 
with which the gene or sequence of interest is transcribed 
and the mRNA translated. 

0005 Accordingly, a number of expression systems have 
been described in the art, each of which typically consists of 
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a vector containing a gene or nucleotide sequence of interest 
operably linked to expression control sequences which con 
trol the expression of the gene or nucleotide sequence. These 
control sequences include transcriptional promoter 
sequences and transcriptional start and termination 
sequences. Transcriptional promoter sequences are gener 
ally located just upstream of initiation sites for RNA tran 
scripts, and include a “TATA box and a “CAAT” box, 
respectively located about 30 and 80 nucleotides upstream 
(e.g., at about the -30 and -80 position) relative to the 
initiation site. Corden et al. (1980) Science 209:1406-1414: 
Chambon, P. (1981) Ann. Rev. Biochem. 50:349-383. Com 
monly used promoters for mammalian cell expression sys 
tems include the SV40 early promoter, a CMV promoter 
such as the CMV immediate early promoter (Chapman et al. 
(1991) Nucl. Acids Res. 19:3979-3986), the mouse mam 
mary tumor virus LTR promoter, the adenovirus major late 
promoter (Ad MLP), and the herpes simplex virus promoter, 
among others. Nonviral promoters, such as a promoter 
derived from the murine metallothionein gene, are also 
commonly used for Such expression systems. These pro 
moter systems are normally selected to provide for the 
highest level of expression possible for a given sequence. 

0006. A number of transcriptional modulator elements 
that are found more than 110 nucleotides upstream (-110) of 
various genes have also been commonly used in the art. 
These upstream sequences are deemed essential for the 
expression of early genes in simian, murine and human DNA 
viruses, and are commonly referred to as "enhancers.” 
Enhancers are broadly defined as a cis-acting agent which, 
when operably linked to a promoter/gene sequence, will 
dramatically increase transcription of that gene sequence. 
Enhancers can function from positions that are much further 
away from a sequence of interest than other expression 
control elements (e.g., promoters), and can operate when 
positioned in either orientation relative to the sequence of 
interest. Banerji et al. (1981) Cell 27:299-308, deVilleirs et 
al. (1981) Nucleic Acids Research 9:6251-6264. Enhancers 
have been identified from a number of viral sources, includ 
ing polyoma virus, BK virus, cytomegalovirus (CMV), 
adenovirus, simian virus 40 (SV40), Moloney sarcoma 
virus, bovine papilloma virus, and Rous sarcoma virus 
(devilleirs et al. supra, Rosenthal et al. (1983) Science 
222:749-755, Hearing et al. (1983) Cell 33:695-703, Weeks 
et al. (1983) Mol. Cell. Biol. 3:1222-1234, Levinson et al. 
(1982) Nature 295:568-572, and Luciw et al. (1983) Cell 
33:705-716. These enhancer elements are often coupled 
with homologous and heterologous promoter sequences to 
provide enhancer/promoter pairs for use in expression sys 
tems. However, probably the most frequently used enhancer/ 
promoter pair used in gene therapy and nucleic acid immu 
nization is the hCMV immediate-early enhancer/promoter 
pair. See e.g., U.S. Pat. Nos. 5,168,062 and 5,385.839 to 
Stinski, and EP Patent Specification 0 323 997 B1. The 
hCMV enhancer element has also been used without the 
hCMV promoter element, for example to modulate a heter 
ologous promoter sequence. See e.g., EP Patent Specifica 
tion 0 173 177 B1. The hCMV immediate-early enhancer/ 
promoter pair provides for robust expression from a variety 
of different sequences of interest, and this high level expres 
sion is commonly thought of as establishing the 'gold 
standard” for any given expression system. 
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SUMMARY OF THE INVENTION 

0007. It is a primary object of the invention to provide a 
promoter system which provides a better expression char 
acter in mammalian cells, particularly in vivo. It has now 
Surprisingly been found that the use of a promoter sequence 
that normally is paired with its homologous enhancer 
sequence in an expression system will provide for a greatly 
enhanced immune response against an encoded antigen 
when the promoter is used in a truncated, enhancer-less form 
in an expression system. The "enhancerless' promoter 
sequence is referred to herein as a “minimal promoter. An 
improved immunological response to a nucleic acid vaccine 
composition which incorporates the to promoter system can 
be achieved. More efficient gene therapy may also be 
achieved. 

0008 Accordingly, the present invention provides use of 
a nucleic acid construct comprising a minimal promoter 
sequence operably linked to a coding sequence encoding a 
polypeptide of interest in the manufacture of a medicament 
for use in obtaining expression in mammalian cells of the 
said polypeptide. The invention also provides: 

0009 a method of obtaining expression in mammalian 
cells of a polypeptide of interest, which method com 
prises transferring into said cells a nucleic acid con 
struct comprising a minimal promoter sequence oper 
ably linked to a coding sequence for the said 
polypeptide; 

0010 coated particles suitable for use in particle-me 
diated nucleic acid immunisation, which particles com 
prise carrier particles coated with a nucleic acid con 
struct comprising a minimal promoter sequence 
operably linked to a coding sequence encoding an 
antigen; 

0011 a particle acceleration device suitable for par 
ticle-mediated nucleic acid immunisation, the said 
device being loaded with coated particles of the inven 
tion; 

0012 a purified, isolated minimal promoter sequence: 
and 

0013 a nucleic acid construct comprising a minimal 
promoter sequence operably linked to a coding sequence 
0014. The nucleic acid construct may be present in a 
vector construct, for example in a plasmid vector or in a 
recombinant viral vector. A nucleic acid immunization 
reagent capable of eliciting an immune response against an 
antigen of interest is thus provided, the reagent comprising 
a nucleic acid construct which includes a nucleic acid 
sequence of interest under the transcriptional control of a 
minimal promoter sequence. Expression systems can be 
constructed for use in nucleic acid immunization to provide 
for a greatly enhanced immune response against an antigen 
of interest. 

0.015 These and other objects, aspects, embodiments and 
advantages of the present invention will readily occur to 
those of ordinary skill in the art in view of the disclosure 
herein. 

BRIEF DESCRIPTION OF THE FIGURES 

0016 FIG. 1 depicts a comparison between the minimal 
promoter constructs of the present invention and their cor 
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responding enhanced promoter constructs. The in Vivo per 
formance of the promoter constructs was assessed by mea 
Suring antibody production against the antigen of interest in 
animals receiving nucleic acid immunization with the con 
StructS. 

0017 FIG. 2 depicts a comparison between a minimal 
human cytomegalovirus (hCMV) promoter construct pro 
duced according to the present invention, and its corre 
sponding, fully enhanced hCMV promoter construct. 
0018 FIGS. 3 and 4 also depict comparison results 
obtained from in vivo Vaccination studies using the minimal 
promoter constructs of the present invention and their cor 
responding enhanced promoter constructs. Here again, the in 
Vivo performance of the promoter constructs was assessed 
by measuring antibody production against the antigen of 
interest in animals receiving nucleic acid immunization with 
the constructs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0019. Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particularly exemplified molecules or process parameters as 
Such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments of the invention only, and is not 
intended to be limiting. In addition, the practice of the 
present invention will employ, unless otherwise indicated, 
conventional methods of Virology, microbiology, molecular 
biology, recombinant DNA techniques and immunology all 
of which are within the ordinary skill of the art. Such 
techniques are explained fully in the literature. See, e.g., 
Sambrook, et al., Molecular Cloning: A Laboratory Manual 
(2nd Edition, 1989); DNA Cloning: A Practical Approach, 
vol. I & II (D. Glover, ed.); Oligonucleotide Synthesis (N. 
Gait, ed., 1984); A Practical Guide to Molecular Cloning 
(1984); and Fundamental Virology, 2nd Edition, Vol. I & II 
(B. N. Fields and D. M. Knipe, eds.). 
0020 All publications, patents and patent applications 
cited herein, whether supra or infra, are hereby incorporated 
by reference in their entirety. 
0021. It must be noted that, as used in this specification 
and the appended claims, the singular forms 'a'an' and 
“the include plural referents unless the content clearly 
dictates otherwise. 

A. Definitions 

0022 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. Although a number of methods and 
materials similar or equivalent to those described herein can 
be used in the practice of the present invention, the preferred 
materials and methods are described herein. 

0023. In describing the present invention, the following 
terms will be employed, and are intended to be defined as 
indicated below. 

0024. The term “nucleic acid immunization is used 
herein to refer to the introduction of a nucleic acid molecule 
encoding one or more selected antigens into a host cell for 
the in vivo expression of the antigen or antigens. The nucleic 
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acid molecule can be introduced directly into the recipient 
Subject, such as by injection; transdermal particle delivery; 
inhalation; topically, or by oral, intranasal or mucosal modes 
of administration. The molecule alternatively can be intro 
duced ex vivo into cells which have been removed from a 
subject. In this latter case, the cells are reintroduced into the 
Subject where an immune response can be mounted against 
the antigen encoded by the nucleic acid molecule. 
0025. An “antigen” refers to any agent, generally a mac 
romolecule, which can elicit an immunological response in 
an individual. The term may be used to refer to an individual 
macromolecule or to a homogeneous or heterogeneous 
population of antigenic macromolecules. As used herein, 
'antigen' is generally used to refer to a protein molecule or 
portion thereof which comprises one or more epitopes. For 
purposes of the present invention, antigens can be obtained 
or derived from any known virus, bacteria, parasite or fungal 
pathogen. The term also intends any of the various tumor 
specific antigens and antigens associated with autoimmune 
diseases. Furthermore, for purposes of the present invention, 
an “antigen’ includes a protein having modifications. Such 
as deletions, additions and Substitutions (generally conser 
Vative in nature) to the native sequence, so long as the 
protein maintains sufficient immunogenicity. These modifi 
cations may be deliberate, for example through site-directed 
mutagenesis, or may be accidental, such as through muta 
tions of hosts which produce the antigens. 

0026. In various aspects of the invention, the antigen 
contains one or more T cell epitopes. A “T cell epitope' 
refers generally to those features of a peptide structure 
which are capable of inducing a T cell response. In this 
regard, it is accepted in the art that T cell epitopes comprise 
linear peptide determinants that assume extended conforma 
tions within the peptide-binding cleft of MHC molecules, 
(Unanue et al. (1987) Science 236:551-557). As used herein, 
a T cell epitope is generally a peptide having at least about 
3-5 amino acid residues, and preferably at least 5-10 or more 
amino acid residues. The ability of a particular antigen to 
stimulate a cell-mediated immunological response may be 
determined by a number of well-known assays, such as by 
lymphoproliferation (lymphocyte activation) assays, CTL 
cytotoxic cell assays, or by assaying for T-lymphocytes 
specific for the antigen in a sensitized subject. See, e.g., 
Erickson et al. (1993).J. Immunol. 151:4189-4199; and Doe 
et al. (1994) Eur: J Immunol. 24:2369-2376. 
0027. In other aspects of the invention, the antigen con 
tains one or more B cell epitopes. A "B cell epitope' 
generally refers to the site on an antigen to which a specific 
antibody molecule binds. The identification of epitopes 
which are able to elicit an antibody response is readily 
accomplished using techniques well known in the art. See, 
e.g., Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 
81:3998-4002 (general method of rapidly synthesizing pep 
tides to determine the location of immunogenic epitopes in 
a given antigen); U.S. Pat. No. 4,708,871 (procedures for 
identifying and chemically synthesizing epitopes of anti 
gens); and Geysen et al. (1986) Molecular Immunology 
23:709-715 (technique for identifying peptides with high 
affinity for a given antibody). 

0028. An “immune response' against an antigen of inter 
est is the development in an individual of a humoral and/or 
a cellular immune response to that antigen. For purposes of 
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the present invention, a "humoral immune response' refers 
to an immune response mediated by antibody molecules, 
while a “cellular immune response' is one mediated by 
T-lymphocytes and/or other white blood cells. 
0029. A “coding sequence', or a sequence which 
"encodes a polypeptide, is a nucleic acid molecule which is 
transcribed (in the case of DNA) and translated (in the case 
of mRNA) into a polypeptide in vivo when placed under the 
control of appropriate regulatory sequences. The boundaries 
of the coding sequence are determined by a start codon at the 
5' (amino) terminus and a translation stop codon at the 3' 
(carboxy) terminus. For the purposes of the invention, a 
coding sequence can include, but is not limited to, cDNA 
from viral, procaryotic or eucaryotic mRNA, genomic DNA 
sequences from viral or procaryotic DNA, and even Syn 
thetic DNA sequences. A transcription termination sequence 
may be located 3' to the coding sequence. 

0030. A “nucleic acid molecule can include, but is not 
limited to, procaryotic sequences, eucaryotic mRNA, cDNA 
from eucaryotic mRNA, genomic DNA sequences from 
eucaryotic (e.g., mammalian) DNA, and even synthetic 
DNA sequences. The term also captures sequences that 
include any of the known base analogs of DNA and RNA. 
0031 “Operably linked’ refers to an arrangement of 
elements wherein the components so described are config 
ured so as to perform their usual function. Thus, a given 
promoter operably linked to a coding sequence is capable of 
effecting the expression of the coding sequence when the 
proper enzymes are present. The promoter need not be 
contiguous with the coding sequence, so long as it functions 
to direct the expression thereof. Thus, for example, inter 
vening untranslated yet transcribed sequences can be present 
between the promoter sequence and the coding sequence and 
the promoter sequence can still be considered “operably 
linked to the coding sequence. 

0032) “Recombinant as used herein to describe a nucleic 
acid molecule means a polynucleotide of genomic, cDNA, 
semisynthetic, or synthetic origin which, by virtue of its 
origin or manipulation: (1) is not associated with all or a 
portion of the polynucleotide with which it is associated in 
nature; and/or (2) is linked to a polynucleotide other than 
that to which it is linked in nature. 

0033. Two nucleic acid sequences are “substantially 
homologous' when at least about 70%, preferably at least 
about 80-90%, and most preferably at least about 95%, of 
the nucleotides match over a defined length of the molecule. 
As used herein, Substantially homologous also refers to 
sequences showing identity to the specified nucleic acid. 
Nucleic acid sequences that are Substantially homologous 
can be identified in a Southern hybridization experiment 
under, for example, stringent conditions, as defined for that 
particular system. Defining appropriate hybridization con 
ditions is within the skill of the art. See, e.g., Sambrook et 
al., supra; DNA Cloning, vols I & II, supra; Nucleic Acid 
Hybridization, Supra. Such sequences can also be confirmed 
and further characterized by direct sequencing of PCR 
products. 

0034) The terms “individual” and “subject” are used 
interchangeably herein to refer to any member of the sub 
phylum cordata, including, without limitation, humans and 
other primates, including non-human primates such as chim 
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panzees and other apes and monkey species; farm animals 
Such as cattle, sheep, pigs, goats and horses; domestic 
mammals such as dogs and cats; laboratory animals includ 
ing rodents such as mice, rats and guinea pigs; birds, 
including domestic, wild and game birds such as chickens, 
turkeys and other gallinaceous birds, ducks, geese, and the 
like. The terms do not denote a particular age. Thus, both 
adult and newborn individuals are intended to be covered. 
The methods described herein are intended for use in any of 
the above vertebrate species, since the immune systems of 
all of these vertebrates operate similarly. 
B. General Methods 

0035 A minimal promoter is used in the present inven 
tion. The minimal promoter sequence is generally derived 
from a DNA virus. Typically, the promoter is a promoter 
which is associated with an early viral gene and usually 
modulated by an upstream or downstream enhancer element. 
The promoter sequence is used in its enhancerless form (i.e., 
it is not coupled with its native enhancer sequence when 
used in the context of the present invention, however, it may 
be used in a construct which contains other heterologous 
enhancer sequences). Thus, the minimal promoters of the 
present invention will typically be comprised of a nucleotide 
sequence of about 130 bases or less, which sequence will 
correspond to the sequence spanning positions -1 to about 
-130 relative to the start of RNA synthesis of the native viral 
early gene. 

0036. In preferred embodiments, the minimal promoter is 
obtained or derived from a member of the Herpesvirus 
family of viruses. In particular embodiments, the minimal 
promoter consists essentially of an enhancerless promoter 
sequence from a simian, murine or human CMV virus (for 
example, the SCMV or hCMV immediate early promoter), 
an enhancerless promoter sequence from a RSV virus, an 
enhancerless promoter sequence from a pseudorabies virus 
(PRV) such as the PRV early promoter region, or a func 
tional variant thereof. The minimal promoter sequence may 
therefore consist essentially of a human cytomegalovirus 
(HCMV) immediate early promoter sequence, a pseudora 
bies virus (PRV) early promoter region, a simian cytome 
galovirus (SCMV) immediate early promoter sequence or a 
functional variant thereof. 

0037. A functional variant sequence may vary from a 
native promoter sequence by one or more base Substitutions, 
deletions or insertions. There may be from 1 to 30, for 
example from 5 to 20, base substitutions and/or from 1 to 30, 
for example from 5 to 20, base deletions and/or from 1 to 30, 
for example 5 to 20, base insertions. Functional fragments of 
a native promoter sequence may be used. 
0038 Variant sequences can readily be constructed by 
routine methodologies such as site-directed mutagenesis. 
The ability of a variant sequence to act as a promoter and 
thus retain function can be determined by experimentation. 
A variant sequence can be coupled to a reporter gene in a 
Suitable expression system and the presence or absence of 
expression determined. The present invention is particularly 
applicable to humans, so the ability of a variant sequence to 
drive expression in vitro in a human cell line may be 
examined. 

0.039 The minimal promoter sequence is coupled with a 
heterologous nucleotide sequence of interest, typically a full 
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gene when used in the context of gene therapy or a coding 
sequence for an antigen when used in the context of nucleic 
acid immunization. In the case of gene therapy, the nucle 
otide sequence of interest encodes a protein whose expres 
sion confers benefits on the subject under treatment. A 
genetic defect can thus be compensated for. The coding 
sequence may encode a therapeutic protein. 
0040. The protein may be a blood protein, such as a 
clotting protein (e.g. kinogen, prothrombin, fibrinogen fac 
tor VII, factor VII or factor IX). The protein may be an 
enzyme, such as a catabolic or anabolic enzyme. The 
enzyme may be a gastro-intestinal enzyme, metabolic (e.g. 
glycolysis or Krebs cycle) enzyme or a cell signalling 
enzyme. The enzyme may make, breakdown or modify 
lipids, fatty acids, glycogen, amino acids, proteins, nucle 
otides, polynucleotides (e.g. DNA or RNA) or carbohydrate 
(e.g. Sugars), and thus may typically be a protease, lipase or 
carbohydrase. The enzyme may be a protein modifying 
enzyme. Such as an enzyme that adds or takes chemical 
moieties from a protein (e.g. a kinase or phosphatase). 
0041. The protein may be a transport or binding protein 
(e.g. which binds and/or transports a vitamin, metal ion, 
amino acid or lipid, Such as cholesterol ester transfer protein, 
phospholipid transfer protein or an HDL binding protein). 
The protein may be a connective tissue protein (e.g. a 
collage, elastin or fibronectin), or a muscle protein (e.g. 
actin, myosin, dystrophin or mini-dystrophin). The protein 
may be a neuronal, liver, cardiac or adipocyte protein. The 
protein may be cytotoxic. The protein may be a cytochrome. 
0042. The protein may be able to cause the replication, 
growth or differentiation of cells. The protein may be 
development gene (e.g. which is expressed only before 
birth). The protein may be aid transcription or translation 
gene or may regulate transcription or translation (e.g. a 
transcription factor or a protein that binds a transcription 
factor or polymerase). The protein may be a signalling 
molecule. Such as an intracellular or extracellular signalling 
molecule (e.g. a hormone). 
0043. The protein may be an immune system gene, such 
as an antibody, T cell receptor, MHC molecule, cytokine (e.g. 
IL-1, IL-2, IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-10, 
TNF-C., TNF-B, TGF-B), an interferon (e.g. IFN-O, IFN-B, 
IFN-Y), chemokine (e.g. MIP-1C, MIP-1 B, RANTES), an 
immune receptor (e.g. a receptor for a cytokine, interferon or 
chemokine, such as receptor for any of the above-mentioned 
cytokines, interferons or chemokines), a cell Surface marker 
(e.g. macrophage, T cell, B cell, NK cell or dendritic cell 
surfacemarker)(eg. CD 1, 2, 3, 4, 5, 6, 7, 8, 16, 18, 19, 28. 
40, or 45; or a natural ligand thereof) or a complement gene. 
0044) The protein may be a trophic factor (e.g. BDNF, 
CNTF, NGF, IGF, GMF, AFGF, bFGF, VEGF, NT3, T5, 
HARP) or an apolipoprotein. The protein may be a tumour 
Suppressor genes (e.g. p53, Rb, Rap1A, DCC or k-rev) or a 
Suicide gene (thymidine kinase or cytosine deaminase). 
0045 When used in reagents for nucleic acid immuniza 
tion, the minimal promoter will be operably linked to a 
coding sequence which encodes an antigen of interest. The 
antigen of interest will preferably be associated with a 
pathogen, Such as a viral, bacterial or parasitic pathogen, or 
the antigen may be a tumor-specific antigen. The antigen 
may be a full length protein. Alternatively, the antigen may 
just consist essentially of a B-cell epitope or a T-cell epitope 
of an antigen. 
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0046 Tumor-specific antigens include, but are not lim 
ited to, any of the various MAGEs (melanoma associated 
antigen E), including MAGE 1, MAGE 2, MAGE 3 (HLA 
A1 peptide), MAGE 4, etc.; any of the various tyrosinases 
(HLA-A2 peptide); mutant ras; mutant p53; and p97 mela 
noma antigen. Other tumor-specific antigens include the Ras 
peptide and p53 peptide associated with advanced cancers, 
the HPV 16/18 and E6/E7 antigens associated with cervical 
cancers, MUC1-KLH antigen associated with breast carci 
noma, CEA (carcinoembryonic antigen) associated with 
colorectal cancer, gp100 or MART1 antigens associated 
with melanoma, and the PSA antigen associated with pros 
tate cancer. The p53 gene sequence is known (see e.g., 
Harris et al. (1986) Mol. Cell. Biol. 6:4650-4656) and is 
deposited with GenBank under Accession No. M14694. 
0047 Suitable viral antigens include, but are not limited 

to, polynucleotide sequences encoding antigens from the 
hepatitis family of viruses, including hepatitis. A virus 
(HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), 
the delta hepatitis virus (HDV), hepatitis virus (HEV) and 
hepatitis G. virus (HGV). By way of example, the viral 
genomic sequence of HBV is known, as are methods for 
obtaining antigen-encoding sequences therefrom. See, e.g., 
Ganem et al. (1987) Annu. Rev. Biochem. 56:651-693; 
Hollinger, F. B. (1990) Hepatitis B virus, vol. II, pp. 2171 
2235, in Fields et al. (eds), Virology 2nd ed. Raven Press, 
New York, N.Y.; and Valenzuela et al. (1980) The nucleotide 
Sequence of the Hepatitis B viral Genome and the Identifi 
cation of the Major Viral Genes, pp. 57-70, in Fields et al. 
(eds), Animal Virus Genetics, Academic Press, New York, 
N.Y.). The HBV genome encodes several viral proteins, 
including the large, middle and major Surface antigen 
polypeptides, the X-gene polypeptide, and the core polypep 
tide. See, e.g., Yokosuka et al. (1986) N. Engl. J. Med. 
315:1187-1192: Imazeki et al. (1987) Hepatology 7:753 
757: Kaneko et al. (1988).J. Virol. 62:3979-3984; and Ou et 
al. (1990).J. Virol. 64:4578-4581. In like manner, the viral 
genomic sequence of HCV is known, as are methods for 
obtaining the sequence. See, e.g., International Publication 
Nos. WO 89/04669; WO 90/11089; and WO 90/14436. The 
HCV genome encodes several viral proteins, including E1 
and E2. See, e.g., Houghton et al. (1991) Hepatology 
14:381-388. The sequences encoding these HBV and HCV 
proteins, as well as antigenic fragments thereof, will find use 
in the present methods. Similarly, the coding sequence for 
the 6-antigen from HDV is known (see, e.g., U.S. Pat. No. 
5,378,814). 
0048. In like manner, sequences encoding a wide variety 
of protein antigens from the herpesvirus family can be used 
in the present invention, including antigens derived from 
herpes simplex virus (HSV) types 1 and 2, such as HSV-1 
and HSV-2 glycoproteins gB, gD and gFI; antigens from 
varicella Zoster virus (VZV), Epstein-Barr virus (EBV) and 
cytomegalovirus (CMV) including CMV gB and gFI; and 
antigens from other human herpesviruses such as HHV6 and 
HHV7. (See, e.g. Chee et al. (1990) Cytomegaloviruses (J. 
K. McDougall, ed., Springer-Verlag, pp. 125-169; McGeoch 
et al. (1988) J. Gen. Virol. 69:1531-1574; U.S. Pat. No. 
5,171,568; Baer et al. (1984) Nature 310:207-211; and 
Davison et al. (1986) J. Gen. Virol. 67: 1759-1816.) 
0049 HIV antigens, such as the gp120 sequences for a 
multitude of HIV-1 and HIV-2 isolates, including members 
of the various genetic subtypes of HIV. are known and 
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reported (see, e.g., Myers et al., Los Alamos Database, Los 
Alamos National Laboratory, Los Alamos, N.Mex. (1992); 
and Modrow et al. (1987).J. Virol. 61:570-578) and antigens 
derived from any of these isolates will find use in the present 
methods. Furthermore, the invention is equally applicable to 
other immunogenic moieties derived from any of the various 
HV isolates, including any of the various envelope proteins 
Such as gp160 and gp41, gag antigens such as p24gag and 
p55gag, as well as proteins derived from the pol, env, tat, vif 
rev, nef vpr, vpu and LTR regions of HIV. 
0050 Sequences encoding antigens derived or obtained 
from other viruses will also find use in the claimed methods, 
Such as without limitation, sequences from members of the 
families Picomaviridae (e.g., polioviruses, etc.); Caliciviri 
dae; Togaviridae (e.g. rubella virus, dengue virus, etc.); 
Flaviviridae; Coronaviridae: Reoviridae; Birnaviridae; Rha 
bodoviridae (e.g., rabies virus, etc.); Filoviridae: Paramyx 
oviridae (e.g., mumps virus, measles virus, respiratory Syn 
cytial virus, etc.); Bunyaviridae: Arenaviridae: Retroviradae 
(e.g., HTLV-I; HTLV-II: HIV-1 (also known as HTLV-III, 
LAV, ARV, hTLR, etc.)), including but not limited to anti 
gens from the isolates HIVIII, HIVs, HIVLAv, HIVLA. 
HIVMN); HIV-1 Ms. HIV-1s, HIV-2, among others. 
See, e.g. Virology, 3rd Edition (W. K. Joklik ed. 1988); 
Fundamental Virology, 2nd Edition (B. N. Fields and D. M. 
Knipe, eds. 1991), for a description of these and other 
viruses. 

0051 Sequences encoding suitable bacterial and parasitic 
antigens are obtained or derived from known causative 
agents responsible for diseases such as Diptheria, Pertussis, 
Tetanus, Tuberculosis, Bacterial or Fungal Pneumonia, 
Cholera, Typhoid, Plague, Shigellosis or Salmonellosis, 
Legionaire's Disease, Lyme Disease, Leprosy, Malaria, 
Hookworm, Onchocerciasis, Schistosomiasis, Trypamaso 
mialsis, Lesmaniasis, Giardia, Amoebiasis, Filariasis, Bore 
lia, and Trichinosis. Still further antigens can be obtained or 
derived from unconventional viruses or virus-like agents 
Such as the causative agents of kuru, Creutzfeldt-Jakob 
disease (CJD), Scrapie, transmissible mink encephalopathy, 
and chronic wasting diseases, or from proteinaceous infec 
tious particles Such as prions that are associated with mad 
cow disease. 

0052 Both the sequence for the minimal promoter and 
the coding sequence of interest can be obtained and/or 
prepared using known methods. For example, Substantially 
pure antigen preparations can be obtained using standard 
molecular biological tools. That is, polynucleotide 
sequences coding for the above-described antigens can be 
obtained using recombinant methods, such as by Screening 
cDNA and genomic libraries from cells expressing the gene, 
or by deriving the gene from a vector known to include the 
same. Furthermore, the desired gene or promoter sequence 
can be isolated directly from cells and tissues containing the 
same, using standard techniques, such as phenol extraction 
and PCR of cDNA or genomic DNA. See, e.g., Sambrook et 
al., Supra, for a description of techniques used to obtain and 
isolate DNA. Polynucleotide sequences can also be pro 
duced synthetically, rather than cloned. 

0053. Yet another convenient method for isolating spe 
cific nucleic acid molecules is by the polymerase chain 
reaction (PCR). Mullis et al. (1987) Methods Enzymol. 
155:335-350. This technique uses DNA polymerase, usually 
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a thermostable DNA polymerase, to replicate a desired 
region of DNA. The region of DNA to be replicated is 
identified by oligonucleotides of specified sequence comple 
mentary to opposite ends and opposite strands of the desired 
DNA to prime the replication reaction. The product of the 
first round of replication is itself a template for subsequent 
replication, thus repeated Successive cycles of replication 
result in geometric amplification of the DNA fragment 
delimited by the primer pair used. 
0054) Once the sequences for the minimal promoter and 
the coding sequence of interest have been obtained, they are 
operably linked together to provide a nucleic acid molecule 
using standard cloning or molecular biology techniques. 
See, e.g., Edge (1981) Nature 292:756: Nambair etal (1984) 
Science 223:1299; and Jay et al 91984) J. Biol. Chem. 
259:6311. The nucleic acid molecule is then inserted into a 
Suitable vector Such as an expression plasmid or viral vector 
COnStruct. 

0.055 The nucleic acid construct comprising the minimal 
promoter and a selected coding sequence generally also 
comprises other control sequences. These other control 
sequences typically comprise a terminator and/or translation 
initiation Sequence (e.g. GCCACCATGG O 
GCCCCCATGG) and/or translational stop codon (e.g. TAA, 
TAG or TGA) and/or polyadenylation signal and/or a RNA 
pause site. The native enhancer for the promoter sequence is 
not present, however. Generally, no enhancer is present at 
all. 

0056. For gene therapy purposes, the nucleic acid con 
struct is integrated into the genome of the cell into which it 
has been introduced. The nucleic acid construct may there 
fore also comprise a sequence which enhances integration of 
the construct, such as the loxP sites of the bacteriophage P1 
Cre recombination system; FRT sites of the yeast FLP 
recombination system or Adeno-associated virus (AAV) 
terminal repeat sequences. 

0057. Once complete, the constructs are used for gene 
therapy or nucleic acid immunization using standard gene 
delivery protocols. Methods for gene delivery are known in 
the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 
5,589,466. Genes can be delivered either directly to a subject 
or, alternatively, delivered ex vivo, to cells derived from the 
subject and the cells reimplanted in the subject. 

0.058 A number of viral based systems have been devel 
oped for gene transfer into mammalian cells. For example, 
a selected coding sequence can be inserted into a vector and 
packaged in retroviral particles using techniques known in 
the art. The recombinant virus can then be isolated and 
delivered to cells of the subject either in vivo or ex vivo. A 
number of retroviral systems have been described (U.S. Pat. 
No. 5.219,740; Miller et al. (1989) Bio Techniques 7: 980 
990; Miller, A. D. (1990) Human Gene Therapy 1:5-14; and 
Bums et al. (1993) Proc. Natl. Acad. Sci. USA 90:8033 
8037. 

0059 A number of adenovirus vectors have also been 
described (Haj-Ahmad et al. (1986) J. Virol. 57:267-274; 
Bett et al. (1993) J. Virol. 67:5911-5921; Mittereder et al. 
(1994) Human Gene Therapy 5:717-729; and Rich et al. 
(1993) Human Gene Therapy 4:461-476). Additionally, 
various adeno-associated virus (AAV) vector Systems have 
been developed for gene delivery. AAV vectors can be 
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readily constructed using techniques well known in the art. 
See, e.g., U.S. Pat. Nos. 5,173,414 and 5,139.941; Interna 
tional Publication Nos. WO 92/01070 (published 23 Jan. 
1992) and WO 93/03769 (published 4 Mar. 1993); Leb 
kowski et al. (1988) Molec. Cell. Biol. 8:3988-3996; Vincent 
et al. (1990) Vaccines 90 (Cold Spring Harbor Laboratory 
Press); Carter, B. J. (1992) Current Opinion in Biotechnol 
ogy 3:533-539; Muzyczka, N. (1992) Current Topics in 
Microbiol. and Immunol. 158:97-129; and Kotin, R. M. 
(1994) Human Gene Therapy 5:793-801. Additional viral 
vectors which will find use for delivering the nucleic acid 
molecules encoding the antigens of interest include those 
derived from the pox family of viruses, including vaccinia 
virus and avian poxvirus. 
0060) If viral vectors are not wanted, liposomal prepara 
tions can alternatively be used to deliver the nucleic acid 
molecules of the invention. Useful liposomal preparations 
include cationic (positively charged), anionic (negatively 
charged) and neutral preparations, with cationic liposomes 
particularly preferred. Cationic liposomes have been shown 
to mediate intracellular delivery of plasmid DNA (Felgner et 
al. (1987) Proc. Natl. Acad. Sci. USA 84:7413-7416) and 
mRNA (Malone et al. (1989) Proc. Natl. Acad. Sci. USA 
86:6077-6081). 
0061 As yet another alternative to viral vector systems, 
the nucleic acid molecules of the present invention may be 
encapsulated, adsorbed to, or associated with, particulate 
carriers. Suitable particulate carriers include those derived 
from polymethyl methacrylate polymers, as well as PLG 
microparticles derived from poly(lactides) and poly(lactide 
co-glycolides). See, e.g., Jeffery et al. (1993) Pharm. Res. 
10:362-368. Other particulate systems and polymers can 
also be used, for example, polymers such as polylysine, 
polyarginine, polyornithine, spermine, spermidine, as well 
as conjugates of these molecules. 
0062 Formulation of a composition comprising the 
above nucleic acid molecules can be carried out using 
standard pharmaceutical formulation chemistries and meth 
odologies all of which are readily available to the reasonably 
skilled artisan. For example, compositions containing one or 
more nucleic acid molecules can be combined with one or 
more pharmaceutically acceptable excipients or vehicles. 
Auxiliary Substances, such as wetting or emulsifying agents, 
pH buffering substances and the like, may be present in the 
excipient or vehicle. These excipients, vehicles and auxiliary 
Substances are generally pharmaceutical agents that do not 
induce an immune response in the individual receiving the 
composition, and which may be administered without undue 
toxicity. Pharmaceutically acceptable excipients include, but 
are not limited to, liquids such as water, Saline, polyethyl 
eneglycol, hyaluronic acid, glycerol and ethanol. Pharma 
ceutically acceptable salts can also be included therein, for 
example, mineral acid salts such as hydrochlorides, hydro 
bromides, phosphates, Sulfates, and the like; and the salts of 
organic acids Such as acetates, propionates, malonates, ben 
Zoates, and the like. Certain facilitators of nucleic acid 
uptake and/or expression can also be included in the com 
positions, for example, facilitators such as bupivacaine, 
cardiotoxin and Sucrose. A thorough discussion of pharma 
ceutically acceptable excipients, vehicles and auxiliary Sub 
Stances is available in REMINGTON'S PHARMACEUTI 
CAL SCIENCES (Mack Pub.Co., N.J. 1991), incorporated 
herein by reference. 
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0063. When used in nucleic acid immunizations, the 
formulated compositions will include an amount of the 
antigen of interest which is Sufficient to mount an immuno 
logical response, as defined above. An appropriate effective 
amount can be readily determined by one of skill in the art. 
Such an amount will fall in a relatively broad range that can 
be determined through routine trials. The compositions may 
contain from about 0.1% to about 99.9% of the antigen and 
can be administered directly to the subject or, alternatively, 
delivered ex vivo, to cells derived from the subject, using 
methods known to those skilled in the art. For example, 
methods for the ex vivo delivery and reimplantation of 
transformed cells into a subject are known (e.g., dextran 
mediated transfection, calcium phosphate precipitation, 
electroporation, and direct microinjection into nuclei). 
Methods for in vivo delivery can entail injection using a 
conventional Syringe. The constructs can be injected either 
Subcutaneously, epidermally, intradermally, intramucosally 
Such as nasally, rectally and vaginally, intraperitoneally, 
intravenously, orally or intramuscularly. Other modes of 
administration include oral and pulmonary administration, 
Suppositories, and transdermal applications. 

0064. It is preferred, however, that the nucleic acid mol 
ecules be delivered using a particle acceleration device 
which fires nucleic acid-coated microparticles into target 
tissue, or transdermally delivers particulate nucleic acid 
compositions. In this regard, particle-mediated (sometimes 
referred to as “gene gun”) nucleic acid immunization has 
been shown to elicit both humoral and cytotoxic T lympho 
cyte immune responses following epidermal delivery of 
nanogram quantities of DNA. Pertimer et al. (1995) Vaccine 
13:1427-1430. Particle-mediated delivery techniques have 
been compared to other types of nucleic acid inoculation, 
and found markedly superior. Fynan et al. (1995) Int. J. 
Immunophannacology 17:79-83, Fynan et al. (1993) Proc. 
Natl. Acad. Sci. USA 90:11478-11482, and Raz et al. (1994) 
Proc. Natl. Acad. Sci. USA 91:9519-9523. Such studies have 
investigated particle-mediated delivery of nucleic acid 
based vaccines to both Superficial skin and muscle tissue. 

0065 Particle-mediated methods for delivering nucleic 
acid preparations are known in the art. Thus, once prepared 
and suitably purified, the above-described nucleic acid mol 
ecules can be coated onto carrier particles using a variety of 
techniques known in the art. Carrier particles are selected 
from materials which have a suitable density in the range of 
particle sizes typically used for intracellular delivery from a 
gene gun device. The optimum carrier particle size will, of 
course, depend on the diameter of the target cells. 

0.066 For the purposes of the invention, tungsten, gold, 
platinum and iridium carrier particles can be used. Tungsten 
and gold particles are preferred. Tungsten particles are 
readily available in average sizes of 0.5 to 2.0 um in 
diameter. Gold particles or microcrystalline gold (e.g., gold 
powder A1570, available from Engelhard Corp., East New 
ark, N.J.) will also find use with the present invention. Gold 
particles provide uniformity in size (available from Alpha 
Chemicals in particle sizes of 1-3 lum, or available from 
Degussa, South Plainfield, N.J. in a range of particle sizes 
including 0.95 um). Microcrystalline gold provides a diverse 
particle size distribution, typically in the range of 0.5-5 um. 
However, the irregular Surface area of microcrystalline gold 
provides for highly efficient coating with nucleic acids. 
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0067. A number of methods are known and have been 
described for coating or precipitating DNA or RNA onto 
gold or tungsten particles. Most Such methods generally 
combine a predetermined amount of gold or tungsten with 
plasmid DNA, CaCl and spermidine. The resulting solution 
is Vortexed continually during the coating procedure to 
ensure uniformity of the reaction mixture. After precipita 
tion of the nucleic acid, the coated particles can be trans 
ferred to suitable membranes and allowed to dry prior to use, 
coated onto Surfaces of a sample module or cassette, or 
loaded into a delivery cassette for use in particular gene gun 
instruments. 

0068 Various particle acceleration devices suitable for 
particle-mediated delivery are known in the art, and are all 
suited for use in the practice of the invention. Current device 
designs employ an explosive, electric or gaseous discharge 
to propel the coated carrier particles toward target cells. The 
coated carrier particles can themselves be releasably 
attached to a movable carrier sheet, or removably attached 
to a surface along which a gas stream passes, lifting the 
particles from the Surface and accelerating them toward the 
target. An example of a gaseous discharge device is 
described in U.S. Pat. No. 5,204.253. An explosive-type 
device is described in U.S. Pat. No. 4,945,050. One example 
of a helium discharge-type particle acceleration apparatus is 
the PowderJect XRR) instrument (Powder Ject Vaccines, 
Inc., Madison), Wis., which instrument is described in U.S. 
Pat. No. 5,120,657. An electric discharge apparatus suitable 
for use herein is described in U.S. Pat. No. 5,149,655. The 
disclosure of all of these patents is incorporated herein by 
reference. 

0069. The particulate nucleic acid compositions can alter 
natively be administered transdermally using a needleless 
Syringe device. For example, a particulate composition 
comprising the nucleic acid constructs of the present inven 
tion can be obtained using general pharmaceutical methods 
Such as simple evaporation (crystallization), vacuum drying, 
spray drying or lyophilization. If desired, the particles can be 
further densified using the techniques described in com 
monly owned International Publication No. WO 97/48485, 
incorporated herein by reference. These particulate compo 
sitions can then be delivered from a needleless syringe 
system such as those described in commonly owned Inter 
national Publication Nos. WO 94/24263, WO 96/04947, 
WO 96/12513, and WO 96/20022, all of which are incor 
porated herein by reference. 

0070 The particle compositions or coated particles are 
administered to the individual in a manner compatible with 
the dosage formulation, and in an amount that will be 
effective for the purposes of the invention. The amount of 
the composition to be delivered depends on the individual to 
be tested. The exact amount necessary will vary depending 
on the age and general condition of the individual to be 
treated, and an appropriate effective amount can be readily 
determined by one of skill in the art upon reading the instant 
specification. 

C. Experimental 

0071 Below are examples of specific embodiments for 
carrying out the present invention. The examples are offered 
for illustrative purposes only, and are not intended to limit 
the scope of the present invention in any way. 
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0072 Efforts have been made to ensure accuracy with 
respect to numbers used (e.g., amounts, temperatures, etc.), 
but some experimental error and deviation should, of course, 
be allowed for. 

EXAMPLE 1. 

0073. A number of expression systems were constructed 
to compare antigen expression from vectors containing an 
antigen coding sequence under transcriptional control of an 
enhanced promoter and the corresponding minimal pro 
moter (using in vitro expression testing methods). The 
immunogenicity of the same vector constructs was then 
assessed (ability to elicit an antibody response against the 
antigen) using in vivo nucleic acid immunization testing 
methods. 

0074 Particularly, vectors containing the simian CMV 
promoter with (“sCMV) and without (“mP-SCMV) its 
enhancer, vectors containing the human CMV immediate 
early promoter with (“CMV) and without (“mp' or “mP 
CMV) its enhancer, and vectors containing the PRV pro 
moter with (“PRV) and without (“mP-PRV) its enhancer 
were assessed for both antigen production (in vitro expres 
sion) and for antibody production (in vivo immunogenicity). 
The results are depicted in the attached figure. In all cases, 
removal of the enhancer sequences reduced expression 
levels from the minimal promoter constructs (relative to the 
enhanced promoters) (not shown). However, as can be seen 
in the figure, the minimal promoter constructs provided for 
dramatically increased antibody production (relative to the 
enhanced promoters) in the in vivo component of the study 

EXAMPLE 2 

0075. In order to further assess the effect of using an 
enhancer-less promoter system in a nucleic acid immuniza 
tion protocol, a number of experiments were carried out to 
compare the immunogenicity of antigen constructs contain 
ing full-length (enhanced) promoter systems and the mini 
mal (enhancer-less) promoter systems of the present inven 
tion. 

0.076 More particularly, a series of Hepatitis B surface 
antigen (HBSAg) constructs were constructed as follows. To 
generate the HbSAg coding region, the pAM6 construct 
(obtained from the American Type Culture Collection 
“ATCC) was cut with Nco1 and treated with mung bean 
nuclease to remove the start codon of the X-antigen. The 
resultant DNA was then cut with BamH1 and treated with T4 
DNA polymerase to blunt-end the DNA and create an 
HBS Ag expression cassette. The HbSAg expression cassette 
is present in the 1.2 kB fragment. The plasmid construct 
PJV7077 (Schmaljohn et al. (1997) J. Virol. 71:9563-9569) 
which contains the full-length human CMV (Towne strain) 
immediate early promoter (with enhancer) was cut with 
Hind3 and Bgl2, and then treated with T4 DNA polyrnerase 
and calf-alkaline phosphatase to create blunt-ended DNA 
adjacent. 

0077. The PJV7232 host plasmid (a derivative of the 
PJV7077 construct described above) contains a promoter 
insertion region flanked by a Sal1 and BamH1 site. New 
promoters were PCRer out of viral stocks, infected cells, 
plasmids, etc., using primers homologous to the promoter 
region of interest. These primers were designed with Sall 
and BamH1 restriction sites at the terminal ends such that 
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the PCR fragment can be cut with these enzymes to facilitate 
ready insertion into the similarly cut PJV7232 construct. 
This method was then used to construct HBSAg expression 
cassettes driven by full-length (enhanced) simian CMV 
(SCMV) and pseudorabies virus (PRV) promoter systems. 
All PCR reactions were carried out under standard condi 
tions to amplify the promoter elements from the target 
sequences according to manufacturer instructions, particu 
larly: 

0078 
0079 
0080) 
0081) 
0082 0.1-10 ug target sample (ATCC# VR706 for 
sCMV and ATCC# VR135 for PRV); 

0083) water to 100 uL; and 
0084) 

1x PCR core buffer w/15 mM MgCl, 
0.4 LM each of sense and antisense primers; 

200 uM of each dNTP: 
2.5 ug Taq polmerase; 

mineral oil overlay. 
the thermocycler was programmed to run the following 
routine: 

0085 4 minutes at 95° C.: 
0.086 30 cycles of (1 minute at 95°+1 min. 15 sec. at 55° 
C.+1 min. at 72° C.); 

0087 
0088) 4° C. hold. 

10 minutes at 72° C.; and 

0089. After theromcycling was completed, the Taq poly 
merase was removed by phenol/chloroform extraction and 
ethanol precipitation of the PCR products. This amplified 
DNA, as well as the PJV7232 construct were then cut with 
the Sal1 and BamH1 restriction enzymes. 
0090. After being cut with the appropriate restriction 
enzymes (and blunt-ended if needed), the DNAs were run on 
an agarose gel to separate, purify and isolate DNA bands of 
interest. These isolated bands were then mixed together in a 
ligase reaction and incubated overnight at 16° C. The 
ligation reactions were transformed into E.coli cells. The cut 
PJV7077 or PJV7232 constructs are not able to grow in the 
bacterial host cells under antibiotic selection unless they 
contain an appropriate insert fragment. Accordingly, bacte 
rial colonies containing the new recombinant DNA con 
structs (the HbsAG sequence promoted by a full length 
hCMV, SCMV or PRV promoter) were grown on an agar 
plate, and the DNA was isolated from these colonies. The 
DNA was analysed for proper ligation of the various frag 
ments. Bacterial isolates which harbor correct ligation prod 
ucts were amplified in a large liquid culture, on which a 
large-scale DNA extraction was performed. The resultant 
DNA is then used as a vaccine lot 

0091. In order to make corresponding minimal promoter 
(enhancer-less) versions of the above-described hCMV 
SAG, SCMV-SAG and PRV-SAG constructs, the DNAs were 
cut with restriction enzyme pairs (Sall/Bam1, Sal1/Scal, or 
Sal1/Not1, respectively). The cut DNA was treated with T4 
DNA polymerase to create blunt-ended DNA. The blunt 
ended DNA was self-ligated, transformed, analyzed and 
amplified using the same conditions set forth herein above. 
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This procedure produced vaccine lots were at least the 
majority of each enhancer sequence was deleted from the 
promoter. 

0092. The DNA vaccine products were then coatd onto 
gold carrier particles and administered to murine Subjects 
using a particle-mediated delivery technique. Specifically, 
for each plasmid DNA construct to be tested, 25 mg of 2 um 
gold powder was weighed into a microfuge tube. After 
addition of a 250 uL aliquot of 50 mM spermidine (Aldrich), 
the tubes were vortexed and briefly sonicated. The gold was 
then microfluged out, and the spermidine replaced by a fresh 
100 uL aliquot. The gold was then resuspended by vortex 
ing, after which 25 ug of DNA was added to the tubes and 
mixed. While the tube is lightly vortexed, 100 uL of 10% 
CaCl (Fujisawa) USA, Inc.) was added to precipitate the 
DNA onto the gold beads. The precipitation reaction was 
allowed to proceed for ten minutes on the benchtop, after 
which the gold was collected by a brief microfuge spin and 
washed three times with absolute ethanol (Spectrum) to 
remove excess precipitation reagents. The washed gold/ 
DNA complex was then resuspended with 0.05 mg/mL 
polyvinylpyrrolidone (360 kD. Spectrum) in absolute etha 
nol. The resultant slurry was then injected into a TEFZEL(R) 
tube (McMaster-Carr) housed in a tube turner coating 
machine (Powder Ject Vaccines, Inc., Madison Wis.) which 
coats the inside of the tube with the gold/DNA complex. 
This tube turner machine is described in U.S. Pat. No. 
5,733,600. After the coating procedure was completed, the 
tubes were cut into 0.5 inch 'shots” which were loaded into 
a particle-mediated delivery device ( the Powder Ject XR1 
device, PowderJect Vaccines, Inc., Madison, Wis.) for deliv 
ery into the mice. 
0093. For the vaccination procedures, four- to six-week 
old Balbic mice were anesthestized with a mixture of 
KETASETR (Fort Dodge) and ROMPUNR) (Bayer) anest 
ehtics. The bellies were shaved with a pair of electric 
clippers to remove hair, and two non-overlapping 'shots of 
vaccine were delivered from the Powder Ject XR1 device (at 
450 psi) to the shaved area. The animals were returned to 
their cages for six weeks after which time blood samples 
were obtained for sera analysis of anti-HBSAg antibodies. 
0094) More particularly, blood samples were harvested 
from the vaccinated animals. Up to 200LL aliquots of serum 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 2 

<210> SEQ ID NO 1 
&2 11s LENGTH 10 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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isolated from the blood samples were then placed int wells 
of a reaction vessel supplied with the AUSABR) EIA Diag 
nostic Kit (Abbott Laboratories). The amount of sera added 
depended upon the antibody titer of the sample, and each 
sample was diluted with sample dilution buffer to fall within 
values that are readable by the immunoassay kit. 200 uL 
aliquots of Standardization panel samples were added to the 
wells of the reaction vessel. A bead was added to each well, 
after which the vessel was sealed and incubated for two 
hours at 40° C. The wells were then washed of all liquid 
reaction components. 200 uL aliquots of the conjugate mix 
was then added to each washed well, after which the vessel 
was sealed and incubated for two hours again at 40°C. The 
wells were then washed of all liquid reaction components, 
and the bead transferred to new reaction tubes after which 
300 uL of the color development buffer was added. After 30 
minutes, the color development reaction was stopped by 
addition of 1M HSO and the absorbance was measured at 
490 nm using a Quantum IITM spectrophotometer. The 
spectrophotometer was used to calculate antibody levels of 
each sample by comparison of the absorbance of the sample 
against a standard curve generated with a standardization 
panel. The antibody levels were then corrected for any 
dilution factors, and the final data reported as the geometric 
mean titers of all animals vaccinated with a particular DNA 
vaccine construct. 

0.095 The results of these studies are depicted in FIGS. 
2-4. FIG. 2 shows a comparison between the fully enhanced 
hCMV promoter system and the minimal hCMV promoter 
system of the present invention. As can be seen, the minimal 
promoter system gave an approximately three-fold improve 
ment in antibody titer over the fully enhanced promoter 
system (the results were pooled from four independent 
experiments of 8 mice per group). FIGS. 3 and 4 show 
similar results from comparisons between full-length 
(enhanced) promoters and their corresponding minimal 
(enhancer-less) promoter derivatives. 
0096. Accordingly, novel minimal promoter systems and 
nucleic acid reagents comprising these systems have been 
described. Although preferred embodiments of the subject 
invention have been described in some detail, it is under 
stood that obvious variations can be made without departing 
from the spirit and the scope of the invention as defined by 
the appended claims. 

<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 
construct 

<400 SEQUENCE: 1 

gccaccatgg 

<210> SEQ ID NO 2 

10 
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-continued 

&2 11s LENGTH 10 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic 

construct 

<400 SEQUENCE: 2 

gcc.cccatgg 

What is claimed is: 
1. A method of obtaining expression in mammalian cells 

of a polypeptide of interest, which method comprises trans 
ferring into said cells a nucleic acid construct comprising a 
minimal promoter sequence operably linked to a coding 
sequence for the polypeptide. 

2. A method according to claim 1, wherein the construct 
is delivered directly into a subject. 

3. A method according to claim 2, wherein the construct 
in delivered by injection, transdermal particle delivery, 
inhalation, topically, orally, intranasally or transmucosally. 

4. A method according to claim 3, wherein the construct 
is delivered by needleless injection. 

5. A method according to claim 1, wherein the construct 
is delivered ex vivo into cells taken from a subject and the 
cells are reintroduced into the subject. 

6. A method according to claim 1, wherein the Subject is 
a human. 

7. A method according to claim 1, wherein the polypep 
tide is an antigen. 

8. A method according to claim 7, wherein the antigen is 
an antigen of a viral, bacterial, parasite or fungal pathogen. 

9. A method according to claim 7, wherein the antigen is 
a tumor-specific antigen or an antigen associated with an 
autoimmune disease. 

10. A method according to claim 7, wherein the antigen 
comprises a B-cell epitope or a T-cell epitope. 

11. A method according to claim 1, wherein the nucleic 
acid construct is coated onto carrier particles. 

12. A method according to claim 1, wherein the nucleic 
acid construct is a DNA construct. 

13. A method according to claim 1, wherein the minimal 
promoter sequence consists essentially of a human cytome 
galovirus (HCMV) immediate early promoter sequence, a 
pseudorabies virus (PRV) early promoter region, a simian 
cytomegalovirus (SCMV) immediate early promoter 
sequence or a functional variant thereof. 

14. A method according to claim 13, wherein the minimal 
promoter sequence consists essentially of the sequence 
spanning positions 0 to -118 of the hCMV immediate early 
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promoter region or a functional variant of the said spanning 
Sequence. 

15. Coated particles suitable for use in particle-mediated 
nucleic acid immunisation, which particles comprise carrier 
particles coated with a nucleic acid construct comprising a 
minimal promoter sequence operably linked to a coding 
sequence encoding an antigen. 

16. Coated particles according to claim 15, wherein the 
carrier particles are tungsten or gold particles. 

17. Coated particles according to claim 15, wherein the 
antigen is an antigen of a viral, bacterial, parasite or fungal 
pathogen. 

18. Coated particles according to claim 15, wherein the 
antigen is a tumor-specific antigen or an antigen associated 
with an autoimmune disease. 

19. Coated particles according to claim 15, wherein the 
antigen comprises a B-cell epitope or a T-cell epitope. 

20. Coated particles according to claim 15, wherein the 
nucleic acid construct is DNA construct. 

21. Coated particles according to claim 15, wherein the 
minimal promoter sequence consists essentially of a human 
cytomegalovirus (hCMV) immediate early promoter 
sequence, a pseudorabies virus (PRV) early promoter region, 
a simian cytomegalovirus (SCMV) immediate early pro 
moter sequence or a functional variant thereof. 

22. Coated particles according to claim 21, wherein the 
minimal promoter sequence consists essentially of the 
sequence spanning positions 0 to -118 of the hCMV imme 
diate early promoter region or a functional variant of the said 
spanning sequence. 

23. A particle acceleration device suitable for particle 
mediated nucleic acid immunisation, the said device being 
loaded with coated particles as defined in claim 15. 

24. A purified, isolated minimal promoter sequence. 
25. A nucleic acid construct comprising a minimal pro 

moter sequence operably linked to a coding sequence. 
26. A vector comprising the nucleic acid construct of 

claim 25. 
27. A vector according to claim 26 which is a plasmid. 
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